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Abstract 
The aim of this study is to determine the heavy metals that present in edible seaweed sold at selected 
Kuching Local Market. Four markets from Satok, Santubong, Telaga Air and Muara Tuang were selected for 
this study. The concentration level of cadmium (Cd), chromium (Cr), copper (Cu), lead (Pb), iron (Fe) and 
zinc (Zn) were determined using Atomic Absorption Spectroscopy (AAS). There were three species of edible 
seaweed were identified in this studies namely Graci/aria changgi, Graci/aria coronopifolia and Graci/aria 
edulis. The concentration of metal ranged from 0.93 - 8.26 mg/kg (Cd), 2.35 - 7.29 mg/kg (Cr), 0.17 - 4.62 
mglkg (Cu), 2.26 - 7.88 mglkg (Pb), 46.91 - 87.24 mglkg (Fe) and 11.53 - 74.62 mg/kg (Zn). The 
concentrations of heavy metals were also compared with the Malaysian Food Act, 1983 (MFA, 1983) and 
Food Agriculture Organization/World Health Organization, 1984 (FAOIWHO, 1984). The concentration of 
heavy metals such as Pb and Cd were exceeded permissible limit of MFA, 1983. Statistical analysis ofOne­
Way ANOVA showed there is no significance difference (p >0.05) between heavy metals contents in all the 
samples analyzed. Pb and Cd have potential to cause poisoning and affecting human health. However, there 
is no report regarding heavy metals poisoning from seaweed in Malaysia. 
Key words: Heavy Metals, Seaweed, AAS, Malaysian Food Act, 1983, Kuching Local Market 
Abstrflk 
Tujuan kqjian ini dijalankan adalah untuk mengkaji kehadiran logam berat yang terkandung di dalam 
rumpai laut yang diperolehi dari Pasar Tempatan Kuching. Terdapat empat buah pasar iaitu pasar Satok, 
Santubong, Telaga Air dan Muara Tuang dalam kajian ini. Kepekatan kandungan logam berat yang dikaji 
ialah Kadmium (Cd), Kromium (Cr), Kuprum (Cu), Plumbum (Pb), Ferum (Fe) dan Zinc (Zn) menggunakan 
mesin spectrometer penyerapan atom (AAS). riga species yang telah dikenalpasti dalam kajian ini iaitu 
Gracilaria changg~ Graci/aria coronopifolia dan Graci/aria edulis. Dalam kajian ini menunjukkan setiap 
lokasi mempunyai kepekatan yang berbeza. Julat kepekatan Cd, Cr, Cu, Pb, Fe dan Zn masing-masing 
menunjukkan 0.93 - 8.26 mg/kg (Cd), 2.35 - 7.29 mg/kg (Cr), 0.17 - 4.62 mg/kg (Cu), 2.26 - 7.88 mg/kg 
(Pb), 46.91 - 8 7. 24 mg/kg (Fe) and n.53 - 74.62 mg/kg (Zn). Kepekatan logam beratjuga dibandingkan 
dengan Akta Makanan Malaysia, 1983 dan Food and Agriculture Organization/World Health Organization, 
1984 (FAOIWHO, 1984). Hasil kajian menunjukkan Pb dan Cd dalam rumpai laut melebihi garis panduan 
yang ditetapkan daJam MFA, 1983. Analisis statistik One-Way ANOVA menunjukkan tiada perbezaan ketara 
(p >0.05) antara kandungan logam berat dalam semua sampel yang dianalisis. Pb dan Cd yang berlebihan 
boleh menyebabkan keracunan dan memberi kesan kepada kesihatan manusia. Walaubagaimanapun, masih 
Iwale lerdapatlaporan mengenai keracunan yang disebabkan oleh rumpai laut di Malaysia. 
Kata Kunci: Logam berat, rumpai laut, AAS, Akta Makanan Malaysia, 1983, Pasar tempatan, Kuching 
. . 
1.0 Introduction 
Seaweeds are group of benthic algae that live either in marine or brackish water 
environment (Mark and Diane, 1973). There about 8000 species of seaweed along the 
world's coastlines and they may extend as deep as 270 metres (Dawes, 1974). Macroalgae 
contribute about 75 % of the total primary production of inshore environment (Meadow 
and Campbell, 1988). 
Seaweed is also simpler plant without roots or complex tissue compared with 
terrestrial plants because of their capability to absorb the nutrients that they require from 
the surrounding water through the surface of their blades (Dawes, 1974). In addition, they 
posses of hold fast that anchors them to a surface and blade which anchorage those to 
substrate in order to survive anell only a few will grow while drifting loose in the sea 
(Klaus, 1990). Moreover, seaweed grows throughout the year and new tissue is fonned at 
the base and erodes from the tips (Meadow and Campbell, 1988). 
According to Rajasulochana et aI., (2010), seaweeds have been widely used for 
human consumption in many parts of the world. They serve as a source of minerals, 
vitamins and free amino acids (Almela et aI., 2006). Seaweeds have been consumed in 
Asia since ancient times (White and Ohno, 1999). In Malaysia, seaweeds are only 
consumed in certain coastal areas especially along the east coast of Peninsular Malaysia 
and East Malaysia where it is occasionally eaten as a salad dish (Norziah and Ching, 
1999). 
Heavy metals are metallic elements that have greater density and can be hazardous 
at elevated concentration (Nor et aI., 2011). Heavy metals are dangerous because they tend 






Bioaccumulation means an increase in the concentration of a chemical's concentration in 
the environment. Compounds are accumulated in living things and at any time they can 
taken up and stored faster than they are metabolized or excreted (Le et at., 1994). 
Seaweeds have high metal pollution accumulation capacity and they grow in a 
mineral rich medium (Rizvi et at., 2001). The capacity of algae to accumulate metals 
depends on variety of factors either being bioavailabilities of metals in the surrounding 
water or the uptake capacities which metal ions are transported across the cell membrane 
and also from the surface reaction where the metals are absorbed by algal surfaces 
(Sanchez-Rodriguez et at., 2001). This is due to possess oftheir great survival strategies to 
withstand with stress and harsh environment (Almela et at., 2006). 
According to Besada et at., (2009), most living organism need small amounts of 
essential metals such as iron (Fe), manganese (Mn), copper (Cu) and zinc (Zn) for their 
essential processes. However, these metals become toxic when they exceed certain limit. 
Heavy metal can remain in the environment unchanged for a years and may pose threat to 
human and other organism. 
According to Phillips (1977), macro algae, particularly Phaeophyceae, have been 
used as indicators of trace metal pollution since early seventieth. As metal indicators they 
gather a number of advantages over water or sediment analyses for suitable biological 
indicator (Phillips, 1977). Metal levels in tissues may vary with season, temperature and 
salinity, age of the frond and position in the intertidal zone (Barreiro et at., 1993) 
Krislmaiah et at., (2008) states that, the major variety of seaweed available In 




green and brown seaweed. Additionally, the iron content was rich and contain significant 
amount of mineral essential for human nutrition. 
Some trace elements are significantly accumulated by many marine and estuarine 
species (Armah et al., 2001). Terrestrial and aquatic organisms are widely used as 
bioindicators for the study of pollution. According to Ho (1990), an indicator should be 
sessile or sedentary, reasonable size, hardy and tolerating high levels of pollutants and 
wide ranges in salinity. In additions, it is easy to collect and abundant in study area, easy to 
identify and should not regulate its body ofelements into any form. 
It has long been established that marine and estuarine macro algae accumulate 
metals to level many times in the surrounding waters (Jones, 1992 and Ho, 1990). Several 
organisms have been used for monitoring heavy metals concentrations, for instance lichen 
am brown algae, green algae such as Viva lac tuna, red algae such as Porphyra sp, 
invertebrate such as Mytilus edulis, crustaceans and gastropod mollusc (Serge and Joel, 
1993; Malea and Haritonidis, 1995; Norziah and Ching, 1999; Saleem et al., 2002; 
Abdullah et al., 2006; Krishnaiah et al., 2008; Rajasulochana et al., 2010) 
However, there is still limited information on heavy metal concentrations in edible 
seaweed from local market especially in Kuching, Sarawak. Therefore, this fmding is 
important fur public safety health purpose of local people from heavy metal contamination. 
The objectives of this project are: (1) to identify edible seaweeds sold in Kuching, 
Sarawak local market; (2) to measure the heavy metals concentration in seaweeds namely 
Zinc (Zn), Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb) and Iron (Fe); and (3) 
to compare the heavy metals concentration with Malaysia Food Act 1983 (MFA, 1983)and 
oodand Agriculture Organization/World Health Organization, 1984 ( FA07WHO, 1984) 
4 
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2.0 Literature Review 
2.1 Seaweed Ecology 
Seaweeds are one of the econo-medicinal important living marine resources that 
belong to the primitive, group ofnon-flowering plants which grow submerged in intertidal, 
shallow neritic water up to 200 metres depth in the sea (Rivzi et aI., 2001) and occur at all 
latitudes from the equator to colder seas (Robert, 1980). 
According to Klaus (1990), they are important elements of shallow coastal and 
divided into three groups namely the green algae (Chlorophyta), brown algae (Phaeophyta) 
and red algae (Rhodophyta). They were originally grouped by their colour which apparent 
to the eye; the validity these co lour as a distinguishing characteristic due to accessory 
pigment (Dawes, 1974). In addition, the average size of plant also differs according to 
geographical region (Robert, 1980). 
According to Diane et ai. , (1989), seaweeds fonn the base of oceanic food chain 
and they are capable to convert sunlight energy and nutrient into plant materials which 
provide food, oxygen .and habitats. The temperatures which affect distribution of seaweeds 
are: (1) the minimum temperature for survival and reproduction; and (2) the maximum 
temperature for survival and reproduction (Robin and Whittick, 1987). 
The seaweed elements variation depends on seaweed species, oceanic residence 
time, seasonal, environmental, physiological factors and type of processing and method of 
mineralization (Almela et ai., 2006). Additionally, the seasonal parameters such as time, 
intensity of light, salinity and water temperature affect the growth rate of seaweeds. Light 




marine habitat (Dawes, 1974). The optimum salinity required for some seaweeds is about 
28-34 parts per thousand (ppt) and in the water temperature range 25-30 0 C. The major 
seasonal elemental deviation was found to be 9.25 % Mg, 6.44 % Ca and 5.3 % Fe (Dawes, 
1974). 
Phang (2008) stated that, Malaysia is rich in marine algae (seaweed) resources and 
about 364 taxa of marine algae are reported from the South China Sea. Schramm (1991) 
claimed that, seaweeds are useful for environmental management and can be used in 
integrated multi-trophic aquaculture system for remediation of aquaculture wastes. The 
seaweed biomass generated is a potential source ofbiofuel (Phang, 2008). 
Mineral content are shown to vary according to seaweed species, wave exposure, 
seasonal, annual, environmental and physiological factors and the type of processing and 
method of mineralization (Devi et al., 2009). These sea-vegetables are of nutritional 
interest as they are low caloric food, but rich in vitamins, minerals and dietary (Devi et aI., 
2009). 
1.1 Commercial Utilisation of Seaweeds 
Since 1984, there has been a large increase in seaweed production. White and Ohno 
(1999) reported that the wet weight harvest in 1984 corresponding with annual wet weight 
production in 1994/1995 represent an increase of 376 % for Chlorophyes, 167 % for 
Rhodophytes and Phaeophytes is 97 %. 
White and Ohno (1999) stated that, at least 221 species of seaweeds in worldwide 
were used for world seaweed production. The utilised is 145 species (66 %) were used for 
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_~.lUlochana et al. , 2010). 
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was used in traditional medicines, agriculture and in Italy, 2 species was used in production 
ofpaper. 
Seaweeds are widely used as food industries, pharmaceutical and ingredients in 
cosmetics, fertilizer, hydrocolloid and production of tissue culture media (Chan et aI., 
2009; Dhargalkar and Pereira, 2006) (Table 1). Robert (1980) stated that, the greatest use 
of agar is in association with food production and technology. They are used for gelling 
and thickening purpose, canning of fish and meat and reducing the undesirable effects of 
the can and stiffening agents for growth media in bacteriology and mycology (Robert, 
While Carrageenans, they are used less for stiffening purposes than is agar due to 
their lower gel strength. Furthermore, seaweed has become a key ingredient in cosmetic 
product such as soaps, shampoos, powders, creams and sprays (Dhargalkar and Pereira, 
They are also use in stabilization of emulsions in paints, cosmetics and 
pharmaceutical preparations (Robert, 1980). 
According to Phang (2008), the nutritional value of Malaysian seaweeds is little 
expect for a few reports. Many of the seaweeds have potential for 
commercialization based on a variety of product and uses. Seaweeds in Malaysia are not 
mod as common as in countries like Japan and China. Seaweed is prepared and served in 
many forms and become the main income for the fisherman (Rajasulochana et aI., 201 0). 
In Japan, seaweeds are utilized as raw materials in the manufacturing of seaweeds 
products such as jam, cheese, wine, tea, soup and also noodles. While in Europe, 




Table 1: Some ofthe common uses of seaweed species 
No. Species Food Feed Industrial Uses Medicine Fertiliser 
1. Ulva Jasciata + + + 
2. Enteromorpha compressa + + + 
3. Monostroma oxyspermum + + 
4. Cladophorafascicularis + + 
5. Caulerpa sertularioides + + 
6. Dictyota dichotoma + + + 
7. Padina tetrastromatica + + 
8. Sargassum cinereum + + + 
9. Laminaria digita + + 
10. Macrocyslis pyrifera + + + 
11 . Gracillaria corticata + + + 
12. Hypnea musciformis + + + 
13. Laurencia papillosa + + + 
14. Eucheuma uncinatum + + + 
15. Porphyra vielnamensis + + 
16. Amphiroa fragilissima + 
17. Spatoglossum asperum + + 
Sources: Compiled from published report as cited in Dhargalkar and Pereira, 2006 
Seaweeds like Graci/aria changii, G. edulis, G. salicornia, G. tenuispitata and 
G6lidium spp. are used as salads and for the preparation of desserts such as agar-agar 
';(IIIM'Z1·.ah and Ching 1999). In Peninsular Malaysia, Graci/aria and Caulerpa are 





sold for use as salads during fasting months (Rajasulochana et aI., 2010). Caulerpa, 
Solieria and Gracilaria are prepare either salads or eaten raw. However, its application is 
only restricted to small local fishing folks who stay nearby the coastal regions (Nor et al.. 
2011). 
Nor et al.. (2011) reported, there are also contain lipid and fatty acid in several 
seaweeds. Nine seaweeds were analyzed for fatty acid composition and Dictyota 
dichotoma was found to contain the highest (17.6 % ash-free dry weight) amount of lipids. 
Guiry and Blunden (1991) stated that, the regular intake 0 f seaweed will help develop an 
intestinal bacterial flora capable of breaking down and making possible the digestion of the 
unfamiliar polysaccharides that contain in seaweed. 
Mabeau and Fleurence (1993) claimed that, the increase in direct consumptions of 
seaweed as food is because of the nutritional benefits. Seaweeds contain high dietary fibre 
(33-50 %) which is rich in soluble fractions, sources of protein with amino acid 
composition of nutritional interest and low lipid content, 1-2 % constitutes a negligible 
energy sources (Mabeau and Fleurence, 1993). 
Seaweed could be used as a food supplement to reach the recommended daily 
intakes of some macro minerals and trace elements because contain considerable mineral 
level about (8-40 %) (Rupperez, 2002). Seaweeds are an exceptional source of vitamin A, 
Bl, B12, C, D & E, riboflavin, niacin, and folic acid as well as mineral such as Ca, P, Na 
K (Dhargalkar and Pereira, 2005). The mineral content is higher than the land and 





Furthennore, Dhargalkar and Pereira (2005), seaweed contain over 54 trace 
elements needed for human body's physiological functions in quantities significantly 
higher than vegetables and other land plants. The amino acid content in seaweed is well 
balanced and contains most, if not all, the essential amino acids needed for life and good 
health (Dhargalkar and Pereira, 2005). 
Graci/aria changgi is a potential food source having a high vitamin A activity and 
high composition of unsaturated fatty acids (74 %) mainly omega fatty acids (Norziah and 
Ching, 1999). The higher content of {3-carotene in G. changgi compared to most of the 
commonly consumed local vegetables made it possible source of {3-carotene for human 
consumption and omega fatty acids are important to human health (Norziah and Ching, 
1999) (fable 2). 
Graci/aria changgi and Eucheuma mainly serve as a raw material use in the food 
industries which were extracted out as agar or carrageenan or in the production as tissue 
culture media (Jahara and Phang, 1990). The reports on certain edible seaweed showed that 
they contain significant amounts of protein, vitamins and mineral essential for nutrition 
(Mabeau and Fleurence, 1993). 
lO 
· , 
Table 2: Nutritive values ofsome seaweeds species (in %) 
Seaweed Species Protein Lipid Carbohydrates Ash 
Viva 26.1 2.1 42.0 7.80 
Enteromorpha 19.5 0.3 64.9 15.2 
Monostroma 20.0 1.2 63.9 14.9 
Laminaria 16.1 2.4 39.3 19.6 
Alaria 17.1 3.6 39.8 14.9 
Sargassum 19.0 2.9 33.0 16.2 
Padina 18.81 1.7 31.6 10.3 
Porphyra 28.4 4.5 45.1 6.9 
Rhodymenia 21.5 1.7 44.6 5.3 
Graci/aria 24.37 1.8 61.75 11.3 
Sources: Compiled from published report as cited in Dhargalkar and Pereira, 2006 
2.3 Heavy Metals in the Environment 
According to Ryan (2010) the tenn of heavy metals is to describes metals 
that have atomic number higher than iron (59) or have greater density which is 5 g/mg. 
M a1s can be classified into 3 groups: (1) noncritical; (2) toxic but very insoluble or very 
rare; (3) very toxic and relatively accessible (Lobban and Harrison, 1997). Heavy metals 
are not biodegradable and are likely to accumulate in living organism, causing various 
diseases and disorders (Bailey et aI., 1999). 
Metals in aquatic environment may be present in dissolved or particulate forms 
.wa'l~ 2010). They may be dissolved as either free hydrated ions or as complex ions with 




in ranges as colloids or aggregates; precipitated as metal coatings onto particles and 
incorporated into organic particles as algae (Ryan, 2010). 
Heavy metals such as Cd, Cr, Cu and Pb are significant environment pollutants. 
These metals are toxic to all organisms at varying concentrations (Baycu, 2002). However, 
Ryan (2010) stated that, some heavy metals are essential micronutrients or referred as trace 
metals such as manganese, iron, cu and zn. The algal growth may limit if the 
concentrations are too low and give adverse at higher concentrations. It is valuable as 
tracers for circulation and mixing in the ocean (Donut and Dryden, 200 I). Therefore, 
frequently the optimum concentrations range for growth is narrow (Lobban and Harrison, 
1997; Langston and Bebianno, 1998). 
The majority of the metals in the environment are transported by water in their 
dissolved or particulate state and reach the ocean by means of river and land runoff 
(Lobban and Harrison, 1997). According to Donat and Dryden, (2001), transition metals 
8Dd heavy metal enter the ocean via river runoff, wind-blown dust, diffusion from 
sediments, hydrothermal and anthropogenic activities. 
Ryan (20lO) metals in minerals and rocks are harmless but becoming potentially 
toxic when they dissolve in water. They enter the environment in various ways such as 
Jlatural weathering of rocks, leaching of soils, vegetation and volcanic activity. Lobban 
ad Harrison (1997) claimed that, activities such as mining and smelting ores, burning of 
il fuels, disposal of industrial waste and the processing of raw materials for 
ID8IIIIfacturing have added to metal levels in the environment. 
Furthermore Lobban and Harrison (1997) stated that, the physical and chemical 





alkalinity, redox potential, and presence of organic and particulate matter, biological 
activity and the intrinsic properties of the metal. As the result, the modification will alter 
the metals chemical forms and contribute to the availability, accumulation and toxicity in 
aquatic environment (Lobban and Harrison, 1997). 
While, metals in sediments may be in the reduced or oxidised state and can be 
released into the overlying water (Langston and Bebianno, 1998). While Lobban and 
Harrison (1997) mention that, metals may adsorb to formed particles and sink to the 
sediment due to the dilution effect as salinity increase in downstream. Besides that, the 
concentrations ofheavy metals decrease with distance from river mouths. 
In additional, microorganism may alter the availability of metals in the 
tIlVironments which involves metal cycling and various metal transformations mostly in 
pr.obryotes. Mostly the changes between soluble and insoluble forms can create the major 
impaCtS on metal deficiency (Johnson, 1998). 
2.5 eavy Metals Contamination in Seaweed 
Metal occur naturally in aquatic environment and the properties of many have been 
harnessed by organism using a range of metabolic pathways (Langston and Bebianno, 
998). In addition, the activities of aquatic animals and plants can strongly influence the 
of the most elements which involve the biological cycling of metals in sediments and 
_~·in.g water (Langston and Bebianno, 1998). 
Marine pollution indeed is a critical environmental issue of concern across the 
when growing human population increase the intensities of anthropogenic threats 




activities (Rajasulochana et aI., 2010). The negative manifestation of anthropogenic 
impacts from heavy metal discharge into the aquatic environment have induced 
d~turbances to the hydrosphere equilibrium which further affects the natural structure and 
functions ofmarine biotic communities (Nor et aI., 2011). 
Heavy metal contaminations are one of the pervasive forms of marine pollution 
because these metallic elements will not disintegrate rapidly in marine environment which 
further impairs the aquatic ecosystems due to the relatively high densities and toxicity even 
at low concentrations (Nor et aI., 2011). Cadmium (Cd) and Lead (Pb) are among the 
aquatic metal pollutants which usually present at significant levels in water system which 
may pose high toxicities on the aquatic organisms (Luoma et aI., 1982). 
The rapid development of industries and agricultures have promote the increase of 
m omental pollution although heavy metals in aquatic system can be naturally 
produced by slow leaching from rocks and soil into water which occurs at low levels (Nor 
.,al, 2011). 
weeds as bioindicators for monitoring heavy metal 
Apart from being an important source of food for humans, seaweeds play an 
rtant role in for organism in coastal and marine habitats. Seaweed beds serve as a 
'illlllilllUl! habitat for marine vertebrates and invertebrates (Chapman and Chapman, 1980) . 
.MalC:l'OaI.gae play an important role in marine primary production in coastal water. Biomass 
• • Bln of economically important species has potential for remediation of carbon 
(C<h) and nutrients (Nor et al.. 2011). Several seaweeds are used as an appropriate 
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biomonitors to study the environmental contamination (Schramm, 1998). Seaweed crop 
was also used for the nutrient and contaminant abatement (Rizvi et aI., 2001). 
According to Phillips (1977), Macro algae, particularly Phaeophyceae, have been 
used as a indicators of trace metal pollution since early 17th Century. As metal indicators 
they gather a number of advantages over water or sediment analyses for suitable biological 
indicator (Phillips, 1977). Metal levels in tissues may vary with season, temperature and 
salinity, age of the frond and position in the intertidal zone (Barreiro et aI., 1993; Phillips, 
1977). 
Seaweeds have been employed in numerous studies of bioaccumulation of metals, 
because they take up elements directly from the water and are usually efficient bioindicator 
of marine pollution by heavy metals (Abdullah et aI., 2006; Caliceti et aI., 2002). It is 
BDportant to know if heavy metals are sufficiently mobile in sediments to reach the tissue 
Dtarine biota Especially Graci/aria gracilis is suggested as a good bioindicator for 
Seaweeds also have an ability to remove heavy metals from water and have 
,••·ally used in bio monitoring and bioremediation of pollutant (Chan et ai., 2009). 
us studies showed that macro algae show different ecophysiological characteristics in 
lISe to change in growth depth where the presence of the species in certain habitat is 
,.._ded on their ability to adapt to the synergistic effect (Nurridan, 2010). 
Additionally, Chan et ai., (2009) stated that, they have the ability to remove heavy 
from water and been used as bioindicator and biomonitoring in the bioremediation 
g:lJQlUu1tlOllS especially in coastal water and estuarine. This is due to possession of their 
strategies to withstand with many stress and harsh environment that they are 
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